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EXTENDED ABSTRACT 
Mobile systems are characterised by the fact that they operate in an environment prone to rapid and 
drastic changes [4]. More specifically, attributes like network quality of service (QoS) or power 
availability can vary significantly compared to non-mobile systems. Mobile applications should be 
capable of being informed of such changes and should also be able to adapt their behaviour 
accordingly in order to deliver the best level of service to the end-user. Moreover, future mobile 
systems should be capable of adapting to general environmental and contextual triggers such as the 
system’s physical location [2]. As presented in [3], current middleware support lacks the required 
level of control for co-ordinating highly adaptive systems triggered by multiple contextual attributes. 
Reflection has been suggested as a solution for adaptive middleware [1]. The benefits of being able to 
open the implementation of the platform, inspect and adapt the behaviour of the system have already 
been recognised. In this paper, we argue that a reflective approach is appropriate for the development 
of middleware support for mobile systems and the development of mobile applications themselves.  
Indeed, we argue that it is necessary to allow system wide adaptation in all parts of the system 
(middleware and applications) in order to enable appropriate arbitration for resources and thus enable 
a better level of resource utilisation to be achieved.  
Research on the development of reflective operating systems [5] offers solutions for the design of 
highly adaptive computer systems. However, these efforts do not support any specific means for 
controlling context-based adaptive behaviour triggered by the dynamic change of actual user 
requirements. 
The benefits of a reflective approach can be summarised as: 
i) the ability to inspect the implementation of a system by accessing the meta-space that 
defines the operation of the system and  
ii) the ability to alter the implementation during run-time in order to achieve specific 
requirements.  
In terms of mobile computing this approach can be used for altering the system/application 
components (that utilise system resources or access contextual information) as and when the values 
of those attributes change.  
To make this last point clearer we shall consider the following example. A mobile system is equipped 
with a GPS device and also has access to a wireless cellular network. The system is capable of 
defining its current location via two different methods: either by polling the GPS device or by 
requesting a location server to define the actual cell in which it operates. Both solutions have 
different trade-offs as regards the operation of the system and its resources. In more detail, the first 
(GPS) solution allows a better level of accuracy but requires more power to operate. Alternatively, 
the use of a communications cell for positioning information may provides less accuracy but, in the 
case that the network link is already in use for some other operation, no extra power is required to 
specify the systems location. The requirement for a highly adaptive system is to be able to choose 
either of these approaches during runtime according to the user needs. 
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In this example the adaptive mechanism that we would require is to be able to alter the method of 
getting location information according to the present requirements of the system (e.g. less power 
consumption or more accuracy). Adopting a reflective approach in the development of the system 
would allow us to inspect the implementation of a location-aware application and modify the location 
mechanism according to the systems needs. More specifically, the applications provide a meta-space 
where the implementation is represented. By accessing the meta-space the system is able to inspect 
the behaviour of the application. This approach enables the components that retrieve location 
information to be identified. Furthermore, the meta-space protocol allows us to change the 
implementation of specific behaviours of the application. Thus the system can modify the 
implementation for acquiring location information during runtime. If the operational requirements of 
the system favour one of the mechanisms over the other (e.g. using the network rather than the GPS 
device) then the system can alter the implementation of all location components in the system in 
order to utilise the appropriate mechanism. 
Alternatively, the previous example could be implemented without a reflective approach. In this case, 
a general location component for the whole system could be capable of switching between the two 
mechanisms transparently. However, highly adaptive systems depend on an arbitrary number of 
contextual triggers, and this general solution cannot be applied in a wide scale. 
A second issue that arises from the previous example is the fact that highly adaptive mobile systems 
should be co-ordinated according to the dynamic change of user needs. As it was described in [3] the 
user should be allowed to specify system wide adaptation policies. These policies will provide the 
criteria for choosing the appropriate adaptation mechanism. Reflection and open implementation can 
provide the means to inspect the effects that every system component has on the system. Specifically 
the meta-object protocol can support inspection mechanisms for calculating the power consumption 
of the underlying objects, the network requirements, etc. This information can allow the adaptation 
mechanism to discover the way in which the system’s implementation needs to be altered in order to 
achieve the criteria specified in the adaptation policies. 
In the previous example the system would be able to inspect the requirements of all applications in 
terms of how accurate the location information should be. Furthermore,  it would be possible to 
estimate the benefit in power consumption by switching off the GPS. Thus if the battery’s power 
level drops the system could evaluate the current situation according to the adaptation policies 
defined by the user and decide whether it would be beneficial to adapt and switch from GPS to a 
network based location mechanism. 
Summarising, in this paper we argue that adopting a reflective approach from system level to 
application level in mobile computing is a useful paradigm for the development of highly adaptive 
systems. Moreover, the adaptation mechanism can be based on the user requirements described 
through the definition of system wide adaptation policies. 
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